We recently shared our design of a two-semester flipped organic chemistry course, in which we gave students in-class quizzes to incentivize attendance and watching the lecture videos in advance. With a second iteration, we planned to make the video-watching experience more engaging. We accordingly hypothesized that if students completed short at-home quizzes while watching the videos, then attentiveness, engagement, and learning would increase. We tested this with a later section of the course, dividing the material into 13 units. For units 1-6, we gave in-class quizzes; for 7-13, quizzes were at home. Although units 1-6 and 7-13 covered different material, we were nonetheless surprised when students' average quiz scores decreased for the take-home quizzes, because they did not have a time limit and were open-book, unlike the inclass quizzes. Anonymous survey feedback showed a strong preference for quizzes in class and indications that take-home quizzes demotivated attendance and pre-class watching of the videos. Thus, for analogous flipped-course designs in chemistry, we recommend an in-class quizzing strategy over take-home quizzes to positively affect engagement, learning, and attendance. Of note, this course was synchronously-delivered to two groups of students at geographically-distinct satellite locations.
INTRODUCTION
As a broad theoretical framework, cognitive information processing (CIP) theory proposes a semicomputer-like model by which people learn, retain, and access information. 1 At its core (see Scheme 1), CIP theory suggests that new data (or "stimuli") trigger "sensory memory," whereupon learners decide (or "select") which data merit attention.
2 Data that pass this filter move into an area called "working memory," where the learner digests them through a process called "rehearsal." As "rehearsal" matures, it becomes "elaborative rehearsal" or "encoding", which encompasses repetition, connectivity, memorization, and so forth. Data then transfer into "longterm memory," for later retrieval. 3 Because learners' attention spans have limits, learning at each stage occurs in small chunks. 4 Ideally, this happens best if each step, particularly "encoding," is given adequate time. 5 Obviously, limitless time is impossible. However, the theory at least 2 validates teaching practices that work toward maximizing students' time to absorb new information "chunks" and then digest them at their own pace through "elaborative rehearsal." From our observations, flipped teaching is a pedagogical framework that seems to approach this ideal of selective, semi-self-paced learning. In flipped courses, lectures get pushed outside of class as short, targeted, indexed videos online, [6] [7] [8] which students watch at home. This lets them better control what they learn and when they learn it, allowing them to modify the order, frequency, or pace of lecture-watching outside of class and then advance or review the parts they need most. In prior work, we found that flipping reduced our total formal lecture time by 56-67%, relative to our traditional-lecture (TL) format. [9] [10] We therefore note that this method gives students more time for "elaborative rehearsal" by decreasing total lecture minutes, as well as more control to process new information in "chunks," via navigable videos. Furthermore, as students in our flipped classes spend in-class time doing problem sets in assigned groups (problem-based learning 11 ), it creates a classroom environment that leverages the advantages of Peer Instruction [12] [13] [14] and elements of just-in-time-teaching (JiTT). [15] [16] [17] To explain the latter, JiTT (developed by Gregor Novak in the late 1990s) involves a feedback loop through which: (1) students use reading, web-based, or other materials to prepare for class; (2) they then submit answers to complex problems online before class; and (3) instructors adapt class activities to focus on areas of greatest confusion, based on student submissions. 18 Our course structure is really more of an adapted JiTT approach, through which students do step (1), primarily by watching assigned content videos before class, but do not do step (2) in advance. Instead, student groups submit problem sets and questions during class as they work together, and the instructor responds immediately. Thus, step (2) occurs individually in groups or in-person, as class unfolds. As the flipped format offloads course content to videos before class, formal in-class lectures are replaced with on-demand mini-lectures to address areas of greatest confusion right when students face them, thereby realizing an adapted form of step (3) . Because the flipped classroom increases students' control over the time and speed with which they digest content, and peer-groups provide incentive to not get behind, we envisage that these elements may combine to yield greater "encoding" and consequent conversion of "working" into "long-term memory."
Flipped learning has received increased literature scrutiny in recent years, from a spectrum of fields and a variety of practitioners. [6] [7] [8] [9] [19] [20] [21] [22] [23] [24] [25] [26] While the basic formula remains the same (content-delivery outside of class, higher-learning in class), pedagogical details both in and outside of the classroom vary. For this disclosure, we will focus primarily on what students in flipped courses are asked to do along with their video-watching. Within this arena, Flynn reported having her students watch videos or read textbook excerpts outside of class, followed by a preclass test. 19 In Weaver and Sturtevant's flipped chemistry course, 20 as well as Fautsch's, 21 students watched lecture videos and then took quizzes online. In Jensen's flipped biology class, 22 students answered intermittent online questions while watching videos, before the videos would advance. For Ryan and Reid's general chemistry course, 6 video-watching was complemented 3 with a weekly online homework assignment. Duffield, 23 in contrast, assigned students to watch videos and then fill out post-video "reflections" online. Some practitioners report having students watch videos outside of class and then take in-class quizzes, 24 while others assign students to view videos with no other specific outside-of-class activity mentioned. [8] [9] 25 For these cases, it seems likely that instructors expected students to take notes or read complementary sections of their textbooks while watching videos, but most do not explicitly state this. For well-known flipped educators Bergmann and Sams, students are taught and asked to use the Cornell notetaking method while watching videos. 26 There obviously exists a variety of approaches within the flipped domain. That we are aware, no one has systematically changed their outside-of-class format midterm with a single cohort of students, for the purpose of comparing and contrasting results. We reasoned that doing so might help practitioners choose between possible outside-of-class strategies. Based on prior work, we centered our study on the variable of in-class versus at-home quizzes. In our previous flipped courses, 9 we assigned students to watch lecture videos outside of class and spend inclass time doing problem sets in assigned groups. We used weekly in-class quizzes to incentivize attendance and encourage students to watch the videos before class. 9 Our students' high quiz performance (89.4% average) indicated that they generally did. As learning and engagement positively correlate, [27] [28] [29] [30] [31] [32] we reasoned that if our course were restructured to increase student attentiveness while watching the videos, then learning would improve. For our prior study, 9 students were encouraged to take notes while watching the videos, but there was no followthrough to see if they did. We accordingly hypothesized that if students were given short quizzes to complete while watching the videos outside of class, then their attentiveness and engagement with the videos would increase, which would ultimately improve learning. From this hypothetical foundation, we formulated the following research questions: Q1: Which approach, quizzes in class or at home, will yield higher grades? Q2: Which approach, quizzes in class or at home, will students prefer?
EXPERIMENTAL SECTION
Note: This study was reviewed and preapproved by an Institutional Review Board (IRB).
A Two-Site Broadcast Course
Our four-credit, first-semester, flipped organic chemistry course differed from that of our previous study 9 because it was simultaneously delivered to two locations. Group 1 (face-to-face, or "F2F" students) included those attending in-person with the instructor, while Group 2 (distance students) attended at a distant satellite campus. Through the public Utah Education Network, 33 the class was broadcast to distance students, who could see and hear the instructor, lecture slides, and overhead ELMO Cam notes in real-time on a projected screen at the front of their room. The distance classroom was equipped with microphones, allowing distance students to ask questions live and participate in real-time discussions. At the origination site, the instructor could see distance students on a monitor at the back of the room and direct a facilitator to toggle between video-capture of the instructor, lecture slides, or ELMO Cam notes. Though unusual, this type of live, multi-site, interactive broadcast teaching is becoming more common in North America, as universities expand programs across geographically-dispersed satellite-campus networks. [34] [35] [36] The topic of flipped learning in such settings is highly under-addressed in current literature. [37] [38] Population Studied Though atypical for traditional university settings, small class sizes are not abnormal in the realm of multi-site, satellite-campus teaching, especially in rural areas. 35, 39 Our study involved twelve students (NF2F = 7, NDistance = 5), whose demographics are summarized in Table 1 , with F2F and distance students' data being separated for clarity. Course Design Students watched 79 out-of-class videos (average length of 9.5 minutes), 40 following a schedule posted on Canvas, our course management system. 41 Class meetings involved two weekly 100-minute sessions and covered about one chapter-unit per week. Videos were made using Camtasia Studio 8.3 and included PowerPoint lectures with picture-in-picture footage of the narrating instructor, or of the instructor solving problems on a board.
As Table 2 summarizes, the semester covered 13 total units. For each chapter during units 1-6, students were given closed-book, 10-minute quizzes at the start of class about the videos they watched in advance at home. For units 7-13, students accessed and printed off their quizzes in advance, outside of class. They then filled out the quizzes while watching the videos, with an open-book format and no time limit. Once complete, students submitted their final quiz answers through Canvas. Quiz problems were drawn from an 895-question database we created for the class.
Students spent in-class time clustered in assigned groups, working on problem sets (~28 questions per set), 42 which included mixed-format (open-answer, multiple-choice, etc.) questions created by the instructor or modified from our textbook's published question databank. During class, the instructor intermittently observed student work. For distance students, this was done by checking in over the microphone every five to seven minutes, often with queries such as: "Group 1, how are you doing?" "What questions do you have?" "What parts are you finding most challenging?" If no one voiced a question, then the instructor invited all participants (F2F and distance) to keep working and ask when confusion arose. Otherwise, the instructor would wait another five to seven minutes and then repeat the cycle. As questions came in, the instructor either directed students to helpful resources or gave short mini-lectures to clarify confusion.
On average, students had about one week per problem set. Throughout the semester, they could submit problem sets at any time until the due date and get feedback without losing points. Distance students did this by either having their local facilitator scan pages, or by using 5 smartphones to photograph pages, which they emailed to the instructor. The instructor then gave feedback straightway over the ELMO Cam, or made annotations to students' submissions on his computer and replied to the entire distance group immediately through email. This feedback question-answer loop between the instructor and students (both F2F and distance) permeated the bulk of class time.
In total, students took 13 quizzes (10% of their grade, lowest score dropped) and completed 13 problem sets (20% of their grade, lowest score dropped). They also took five exams (four midterms and a comprehensive final, the lowest midterm was dropped), which accounted for 67% of their grade, and a formative entrance exam, worth 3% of their grade. Each group member received the same problem set grade. However, to encourage active contribution to group work, students were asked to anonymously submit "peer grades" for each group member at the end of the term. These peer grades were then used to adjust individual problem set grades, as described in our previous study. 
RESULTS AND DISCUSSION

Student Scores and Quantitative Findings
As Table 3 indicates, problem set averages (row 2) remained similar through units 1-6 and 7-13, while exam averages (row 3) dropped markedly for F2F (not distance) students in units 7-13. Counterintuitively, students' mean quiz scores (row 1) decreased for at-home quizzes (units 7-13), relative to in-class quizzes (units [1] [2] [3] [4] [5] [6] . This is surprising, as in-class quizzes (units 1-6) were timed and closed-book, while at-home quizzes had no effective time limit, and students could use any resource while taking them. We wondered: were the apparent differences in the academic achievement indicators for the between F2F and distance students significant? To answer this, we used delivery method (e.g., F2F and distance) as the factor, or independent variable, and academic measures as the dependent variable. We started our analysis by examining student outcomes on quizzes 1-6 and 7-13 by first computing the average outcome value for students' scores on quizzes 1-6, and then doing the same for quizzes 7-13. Using the academic achievement indicators as dependent variables, we conducted an independent samples tests for each measure. Because of our limited sample sizes, we ran Mann-Whitney U and Wilcoxon between-group comparisons. Both nonparametric statistical methods are suited for small sample sizes that cannot be effectively tested for distribution assumptions (e.g., normality). (See the Supporting Information for full details of our statistical analysis.) While the nonparametric tests reduce the power of the analysis, they are effective for testing between-group differences. No statistical difference was observed between the F2F and distance groups' scores (see Table 4 ). 43 We then repeated the analysis by examining potential for between-group differences for the course problem sets scores, exams, and overall course score (see Table 4 ). We next wanted to see if there was a performance difference between units 1-6 and 7-13 when analyzing our students as a whole, independent of delivery course method (e.g., F2F vs. Distance). To do this, we created a composite score average for each student for the two blocks of quizzes 1 through 6 and again for quizzes 7 through 13. We then compared the composite scores using the Related Samples Wilcoxon Signed Rank Test, again maintaining nonparametric conditions for our paired-sample analysis. Our results indicated a significant difference, p = 0.002 (Z = 3.059, r = 0.883), for students' quiz scores from the first half of the course (quizzes 1-6), compared to their scores in the second half of the course (quizzes 7-13). Thus, the in-class quiz scores (quizzes 1-6, Medain = 4.500) were significantly higher than the take-home quiz scores (quizzes 7-13, Median = 3.708).
In considering these results, we cannot eliminate the possibility that units 7-13 were harder than 1-6, or that some students prepared less thoroughly for exams 3 or 4 (units 7-13), planning to drop one of them as their lowest midterm. It also remains unclear why F2F students underperformed (though not by a statistically significant measure) on their exams during units 7-13, relative to distance students. Perhaps, because distance students were not in the presence of the instructor, they were more obliged to form a higher level of learning autonomy and selfregulation than F2F students, which led to better results. In any case, our data did not support our original hypothesis that at-home quizzes would increase engagement and learning, to the extent that learning correlates with increased grades. We accordingly turned to qualitative feedback for a broader picture.
Student Feedback
Feedback was obtained through an anonymous, online exit survey instrument, which all twelve students completed. (See the Supporting Information for full survey results.) When asked whether they preferred quizzes at home or in class, nine students (75.0%) said "in class," one (8.33%) said "at home," and two (16.7%) said "no preference" (Figure 1 ). When asked to explain, the one student who preferred at-home quizzes said:
I liked having the independence of taking the quizzes whenever I wanted before the due date. In addition, I would review the quiz pdf. and then I would look for the answer to the questions in the videos, so it did make them more engaging.
Of the nine students who said they preferred quizzes in class, only six provided additional feedback on the subject: There were a couple days when I was busy, and instead of finding time to watch the videos before going to class, I waited and watched them during class time. I 8 think that if we would have stuck with taking the quizzes in class, I would have been a little more motivated to watch the video material before going to class.
I never felt like the videos were boring, and in fact had my problem set out when watching them and would work out some of the problems while I watched. I also had a hard time remembering to take the quizzes on my own. I would have preferred to not take quizzes, especially on my own time because I have many other classes with many other assignments, and the quizzes became extremely bothersome and I feel like that served no purpose.
I didn't really feel pressured to come to class when the quizzes were online and we worked on homework independently, why not do it at home? I like the quizzes better when they were in class. It helped me be more prepared when coming to class and motivated me to come to class.
It was easier to have the quiz in class. It was there, and one less thing to have to print off and worry about.
Tardiness and unpreparedness in some students increased. I actually got more out of videos the first half. I felt less engaged the second half because I was focused on certain aspects of the videos to do with the quiz rather than learning the whole thing in general. It became a mental block in my learning.
Our objective in giving the at-home quizzes was to see if attentiveness, engagement, and learning increased. However, student feedback generally indicated the opposite occurred. For example, from these comments we learned that one student believed the at-home quizzes removed the incentive to watch the videos before class. Another student suggested they were unnecessary for increasing engagement: "I never felt like the videos were boring [for units [1] [2] [3] [4] [5] [6] . . . [I] had my problem set out when watching them and would work out some of the problems while I watched." Another student reported that the at-home quizzes became "a mental block in my learning," and "I felt less engaged." Additionally, three comments reflected a perceived attendance decrease during the at-home quiz units. We accordingly calculated the attendance average for each half of the course and found that it did go down for units 7-13 (Table 5) . In any event, our qualitative feedback did not support the hypothesis that at-home quizzes would increase engagement and learning. 
CONCLUSIONS
As we considered flipping our multi-site, synchronously-broadcast organic chemistry course, we reasoned that engagement might increase if students filled out quizzes while watching lecture videos outside of class, instead of just passively viewing them and then taking their quizzes later, in class. Because engagement and learning directly correlate, we hypothesized that this structural change would increase learning and, by extension, student satisfaction. Counterintuitively, we found the opposite: students performed worse on take-home quizzes and exams (Research Question 1), and three-fourths of them expressed preference for quizzes in class (Research Question 2). Our student feedback included themes that take-home quizzes de-incentivized attendance and video-watching before class, and that they decreased engagement and learning with the videos. Thus, our results did not support our original hypothesis. Two study limitations are noted. First, our sample size is small, which is fairly common in the realm of multi-site distance teaching. Second, in-class quizzes versus take-home quizzes covered different content, which may have affected outcome as much as (or more than) the format. Nevertheless, our current observations lead us to recommend an in-class, instead of take-home, quizzing strategy when flipping college organic chemistry. This may be particularly relevant to multi-site broadcast distance educators, who face the crucial but often challenging objective of engaging distance students.
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DESCRIPTION OF SUPPORTING INFORMATION
Supporting materials include class schedules and syllabi, sample quiz questions, and full copies of all early-term and exit survey results for both F2F and distance students.
